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SUMMARY 
An i n v e s t i g a t i o n  has  been made i n  t h e  Ames 40- by 80-Foot Wind Tunnel t o  
develop techniques t o  improve t h e  long i tud ina l  s t a b i l i t y  f o r  a supersonic  
t r a n s p o r t .  The model had a wing p i v o t  outboard of t h e  fuse l age ,  a high 
a s p e c t - r a t i o  movable wing pane l ,  and a h ighly  swept, f i x e d ,  inboard wing 
po r t ion  ( s t r a k e ) .  Spec ia l  e f f o r t s  were made t o  minimize t h e  adverse e f f e c t s  
Flow con t ro lof t he  vo r t ex  flow from t h e  h ighly  swept s t r a k e  leading edge. 

devices t e s t e d  on t h e  s t r a k e  included increased  leading-edge r ad ius ,  leading- 

edge (Krueger-type) f l a p s ,  and upper-surface vo r t ex  gene ra to r s .  Fences on 
both s t r a k e  and movable wing panel  were a l s o  t e s t e d .  
The r e s u l t s  show t h e  b a s i c  model with a sharp  s t r a k e  leading edge t o  have 
p i tch-up  a t  an angle  of a t tack as low as 5" .  The use of a l a r g e r  s t r a k e  
leading-edge r ad ius  toge the r  wi th  a s t r a k e  leading-edge f l a p  and a wing fence 
produced e s s e n t i a l l y  l i n e a r  pitching-moment c h a r a c t e r i s t i c s  t o  18" angle  of 
a t t a c k ,  with a s t a b l e  break a t  s t a l l .  A combination of vo r t ex  genera tors  on 
the  s t r a k e  upper s u r f a c e ,  and a wing fence outboard of t h e  p i v o t  a l s o  produced 
acceptab le  pitching-moment c h a r a c t e r i s t i c s .  
The r e s u l t s  a r e  presented  as long i tud ina l  aerodynamic fo rce  and moment 
da t a  obtained a t  var ious  angles  of a t tack .  The major i ty  of t h e  i n v e s t i g a t i o n  
was made a t  a f ree-s t ream dynamic p res su re  of 2 2  pounds p e r  square f o o t ,  
corresponding t o  a Reynolds number of 19 mi l l i on ,  based upon t h e  mean 
aerodynamic chord of  t h e  f u l l y  swept wing. 
INT RODUCT ION 
Previous i n v e s t i g a t i o n s  of t h e  variable-sweep concept have shown t h e  
advantages of l oca t ing  t h e  wing p i v o t  outboard from t h e  fuse lage  ( r e f .  1 ) .
With t h i s  p ivo t  l oca t ion ,  a h igh ly  swept inboard p o r t i o n  of  t h e  wing remains 
f ixed .  The inboard po r t ion  of t h e  wing, o r  s t r a k e ,  i s  loca ted  ahead of t h e  
c e n t e r  of g r a v i t y  and causes a nonl inear  v a r i a t i o n  of p i t c h i n g  moment with 
angle  of  a t t ack  ( r e f s .  2 and 3 ) .  This i n s t a b i l i t y  i s  considered t o  be  
l a r g e l y  a t t r i b u t a b l e  t o  t h e  effect  of  t h e  vor tex  shed from t h e  s t r a k e  
leading  edge. The vor tex  apparent ly  induces s e p a r a t i o n  over  t h e  movable 
, I1 Ill IIIIII 
wing panel  i n  t h e  area of t h e  pane l - s t r ake  junc tu re .  This s epa ra t ion  l i m i t s  
both maximum l i f t  and t h e  con t r ibu t ion  of  t r a i l i n g - e d g e  f l a p s  t o  maximum 
l i f t .  
The ob jec t  of  t h i s  i n v e s t i g a t i o n  was t o  s tudy  techniques f o r  c o n t r o l l i n g  
o r  delaying t h e  formation of t h e  s t r a k e  vo r t ex .  Flow con t ro l  devices  t e s t e d  
on t h e  s t r a k e  included leading-edge r a d i u s ,  leading-edge (Krueger type) f l a p s ,  
and upper-surface vo r t ex  genera tors .  Fences on both s t r a k e  and movable wing 
panel  were s tud ied .  Also assessed  was t h e  e f f e c t i v e n e s s  of  such high l i f t  







C L  
Cm 
M j  
N 
NOMENCLATURE 
wing span,  f t  
boundary-layer con t ro l  
chord 
mean aerodynamic chord of f u l l y  swept wing, dY, f t  
dragdrag c o e f f i c i e n t ,  ­
qs 
l i f tl i f t  c o e f f i c i e n t  , 
qs 
~~~~ ~pitching-moment c o e f f i c i e n t ,  p i t c h i n g  moment 
qsr 
M - V  
momentum c o e f f i c i e n t ,  J j  
qs 
minimum gap of a h i g h - l i f t  device,  percent  of chord 
h o r i z o n t a l - t a i l  incidence ( p o s i t i v e ,  t r a i l i n g  edge down), deg 
constant-chord leading-edge (Krueger) f l a p  on s t r a k e  
tapered-chord leading-edge (Krueger) f l a p  on s t r a k e  
length ,  f t  
-
t a i l  length ,  measured from 40 percent  c t o  25 percent  of t h e  t a i l  
mean aerodynamic chord, f t  
mass-flow r a t e  of t he  boundary-layer-control  system, s lugs / sec  




























f ree-s t ream dynamic p res su re  , l b / f t 2  
r ad ius  
sharp  s t rake leading  edge 
tapered  r ad ius  s t r a k e  leading  edge 
cons tan t  ( l a rge )  r ad ius  s t r a k e  leading  edge 
wing area of t h e  f u l l y  swept wing, f t 2  
s t rake  fence 
vo r t ex  genera tors  
v e l o c i t y  of t h e  boundary-layer-control  j e t  , f t / s e c  
ST RTt a i l  volume c o e f f i c i e n t ,  -s x =  C 
wing chord p lane  (corresponding t o  the  f l a t ,  lower s u r f a c e  of t h e  
movable o u t e r  wing po r t ion )  
wing fence 
streamwise d i s t a n c e  along a i r f o i l  chord, f t  
spanwise d i s t ance  perpendicular  t o  t h e  p lane  of  symmetry, f t  
perpendicular  d i s t a n c e  from wing chord p lane ,  f t  
angle  of a t t ack  of t h e  wing chord p lane ,  deg 
angle  of d e f l e c t i o n  of a con t ro l  s u r f a c e ,  downward from t h e  WCP, 
measured normal t o  t h e  hinge l i n e ,  deg 
wing semispan s t a t i o n ,  ­2Y 
b 
wing t a p e r  r a t i o  
angle  of  sweepback of movable wing leading  edge, deg 
Subsc r ip t s  
f l a p  
boundary- l aye r -con t ro l  f l a p  
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FDS doub le - s lo t t ed  f l a p  
FSS s i n g l e - s l o t t e d  f l a p  
R lower s u r f a c e  
LE leading edge 
S s l a t  
T t a i l  
U upper s u r f a c e  
W wing 
MODEL 
The model w a s  an unpowered, supersonic  t r a n s p o r t  conf igura t ion  with a low 
wing ( f i g s .  1 and 2 ( a ) ) .  The wing leading-edge sweepback angles were ad jus t ­
ab le  from 18" t o  75". The fuse lage  was of c i r c u l a r  c ross  s e c t i o n ,  with a 
f ineness  r a t i o  of  16.5. The wing p ivo t s  were loca t ed  a t  t h e  56.5 percent  
longi tudina l  fuse lage  s t a t i o n  ( 0 . 4 6 . 3 ,  and 33.8 percent  of  t h e  f u l l y  swept 
semispan outboard from t h e  model c e n t e r l i n e .  (Model dimensions given as-
percentages of c r e f e r  t o  t h e  mean aerodynamic chord o f  t h e  f u l l y  swept, 
t o t a l  wing planform.) Model geometry i s  given i n  t a b l e  I .  
Wing 
Inboard f i x e d l o r t i o n  ( s t r a k e ) .  - Streamwise s t r a k e  a i r f o i l  s e c t i o n s  a r e  
loca ted  and def ined  by coordinates  i n  f i g u r e s  2(b) and 2 ( c ) .  S t r ake  s e c t i o n s  
were tw i s t ed  and contoured t o  provide a p o s i t i v e  lo incidence a t  t h e  fuse lage  
and 0" incidence outboard a t  t h e  wing p i v o t .  The r e s u l t i n g  a i r f o i l  provided 
a continuous,  smooth f a i r i n g  i n t o  t h e  f u l l y  swept o u t e r  wing pane l .  S t r ake  
leading-edge sweepback angle  was f ixed  a t  75". 
Outboard movable p o r t i o n .  - The leading-edge sweepback of t h e  movable 
panel  was a d j u s t a b l e  from 18" t o  75". The outboard p o r t i o n  had no t w i s t ,  
incidence,  o r  d i h e d r a l .  The v a r i a t i o n  i n  geometry wi th  sweepback angle  i s  
given i n  t a b l e  I .  The a i r f o i l  s e c t i o n  of t h e  movable wing had a f l a t  lower 
su r face  and t h e  th ickness  d i s t r i b u t i o n  of a NACA 65A006 a i r f o i l  s e c t i o n  
(streamwise a t  25' sweep). (See f i g s .  2(b)  and 2 ( c )  f o r  wing a i r f o i l  s e c t i o n s  
and coord ina tes . )  
Horizontal  Ta i l  
The a i r f o i l  s e c t i o n  of t h e  aspec t  r a t i o  2.6 h o r i z o n t a l  t a i l  cons i s t ed  of 
a symmetrical 3-percent  c i r c u l a r - a r c  s e c t i o n  wi th  sha rp  leading and t r a i l i n g  
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edges.  The t a i l  was fuse lage  mounted as shown i n  f i g u r e  2 ( a ) ,  and had no 
d ihedra l .  T a i l  incidence was v a r i e d  from 0" t o  -15O. See t a b l e  I f o r  
add i t iona l  t a i l  geometry. 
High L i f t  Devices 
Wing t r a i l i ng -edge  f l a p s . - The movable po r t ion  of  t h e  wing was adapted 
f o r  i n s t a l l a t i o n  of  s i n g l e - s l o t t e d ,  double-s lo t ted ,  and boundary-layer-control  
(BLC) f l a p s .  Flap s e c t i o n s  extended spanwise from t h e  wing-strake junc tu re  t o  
65 percent  of t h e  semispan (18O sweep). The conf igura t ions  and coordinates  of 
t he  t h r e e  f l a p  systems a r e  given i n  f igu res  2(d) , 2 ( e ) ,  and 2 ( f ) .  The s i n g l e -
s l o t t e d  f l a p  was 0 .21  c, long ( p a r a l l e l  t o  t he  p lane  of  symmetry a t  25O 
sweep), was d e f l e c t e d  along a hinge l i n e  a t  0 .73 cw, and had a f l a p  gap of 
0 .01 cw. 
hinge l i n e  of 0 .77 cw, and was a d j u s t a b l e  f o r  d e f l e c t i o n s  t o  60" from t h e  wing 
The double-s lo t ted  f l a p  was 0.24 c, long, was d e f l e c t e d  a t  a 
chord p l ane .  The boundary-layer-control  f l a p  and a u x i l i a r y  equipment was 
capable of momentum c o e f f i c i e n t s  (C,) up t o  0.048 through a 0.027-inch span-
wise nozzle  on t h e  f l a p  upper r ad ius  a t  t h e  0 .70  h inge  l i n e .  The BLC f l a p  
was d e f l e c t a b l e  t o  60". 
Wing leading-edge s l a t s .  - The movable wing was equipped with fu l l - span  
leading-edge s l a t s .  S l a t  chord was 0.15 cw and gap was 0.02 cw. The s l a t s  
were ad jus t ab le  f o r  de f l ec t ions  t o  35" downward from t h e  wing chord p lane .  
The s l a t s  a r e  def ined  f u r t h e r  i n  f i g u r e  2 (g ) .  
Flow Control Devices 
~-~St rake  leading edges.- The s t r a k e  w a s  adapted f o r  t h e  i n s t a l l a t i o n  of  
t h r e e  d i f f e r e n t  lead ing  edges; one of sharp  contour ,  one of  t ape r ing  r ad ius  
and one of l a r g e ,  cons tan t  r a d i u s .  The sharp  leading  edge (R-1) i s  def ined  i n  
f igu re  2(b) and i s  t h e  b a s i c  s t r a k e  a i r f o i l  s e c t i o n  leading  edge. The tapered  
r ad ius  lead ing  edge (R-2) was a half-cone varying l i n e a r l y  from a r ad ius  of 
0.015 C a t  t h e  fuse l age - s t r ake  junc tu re  t o  0.004 F a t  t h e  wing s t r a k e  
junc ture  ( f i g .  l ( a ) ) .  The l a r g e  cons tan t - rad ius  leading edge (R-3) was a ha l f -
cy l inde r  with a r ad ius  of 0.023 F ( f i g .  l ( c ) ) .  The ha l f -cone  and t h e  h a l f -
cy l inde r  were i n s t a l l e d  tangent  t o  t h e  s t r a k e  upper su r face  and f a i r e d  
smoothly i n t o  t h e  s t r a k e  lower su r face  as shown i n  f i g u r e  2 (b ) .  
S t r ake  leading-edge f l a p s . - Two shapes of s l o t t e d ,  Krueger-type f l a p s  
were t e s t e d  on t h e  s t r a k e  leading  edge. One (K1) had a cons tan t  chord of 
0.034 C [perpendicular  t o  t h e  lead ing  edge) .  The o t h e r  (K2) had a non­
l i n e a r l y  t ape r ing  chord from 0.030 C inboard t o  0.080 C outboard a t  t h e  
wing-strake junc tu re .  Both f l a p s  were d e f l e c t e d  70° downward from t h e  wing-
chord p lane ,  and t h e  f l a p  gap w a s  0.0047 C unless  otherwise ind ica t ed .  
De ta i l s  of t h e  geometry and i n s t a l l a t i o n  a r e  given i n  figure 2 (g ) .  
S t r ake  vo r t ex  genera tors . - Two t h i n - p l a t e ,  t r i a n g u l a r  vo r t ex  genera tors  
were T n s t a l l e d  on t h e  s t r a k e  upper s u r f a c e ,  normal t o  t h e  wing chord plane 
and near  t h e  s t rake  leading  edge. The vo r t ex  genera tors  were 0.129 C long 
and 0.044 C high and were pos i t i oned  as shown i n  f i g u r e  2 (h ) .  
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Fences.- Two fences were a v a i l a b l e  f o r  s e p a r a t e  use  on t h e  movable wing 
panel and s t rake upper s u r f a c e s .  They were both 0.045 C high and were 
mounted streamwise and normal t o  t h e  wing chord p l ane .  (See f i g .  2 (h) . )  
Notch.- A streamwise notch was cu t  i n  t h e  s t r a k e  leading  edge, j u s t  
inboard of  t h e  wing-strake junc tu re  ( see  f i g .  2 ( h ) ) .  The notch was 0.015 7 
spanwise and 0.076 C i n  chordwise length .  
TESTING AND PROCEDURE 
Six,-component fo rce  and moment d a t a  were obta ined  f o r  angles  of  a t t a c k  
from -4" t o  +30°, and wing sweepback angles  of  18",  29", and 40". Free-stream 
dynamic p res su re  f o r  t h e  major i ty  of t e s t i n g  w a s  2 2 . 0  pounds p e r  square f o o t .  
This dynamic p res su re  corresponds t o  a Reynolds number of  19 mi l l i on ,  based on 
the  f u l l y  swept mean aerodynamic chord. (The e f f e c t  o f  Reynolds number 
v a r i a t i o n  i s  shown i n  f i g .  10.)  
The major i ty  of  t e s t s  was made wi th  30" s i n g l e - s l o t t e d  f l a p s ,  35" wing 
s l a t s ,  -5" t a i l  inc idence ,  and var ious  combinations of  flow con t ro l  devices .  
Three s t r a k e  leading  edges and two Krueger-type s t r a k e  leading-edge f l a p s  were 
t e s t e d  t o  eva lua te  t h e  e f f e c t s  of leading-edge geometry on vo r t ex  formation 
and pitching-moment c h a r a c t e r i s t i c s .  Other  devices  t e s t e d  t o  determine t h e i r  
in f luence  on t h e  s t rake vor tex  included s t r a k e  upper-surface vo r t ex  genera tors ,  
fences ,  and a leading-edge notch.  The vo r t ex  genera tors  were i n s t a l l e d  on t h e  
s t r a k e  upper s u r f a c e  t o  c r e a t e  v o r t i c e s  intended t o  counterac t  t h e  s t r a k e  
vor tex .  Upper s u r f a c e  wing and s t rake  fences were i n s t a l l e d  t o  conta in  t h e  
s t r a k e  vo r t ex  and prevent  i t  from moving outboard along the  wing. A notch was 
cut  i n  t h e  s t rake leading  edge t o  d i s r u p t  vo r t ex  formation.  
H i g h - l i f t  devices  on t h e  wing were t e s t e d  i n  var ious  combinations with 
the  flow con t ro l  devices  t o  determine t h e  e f f e c t s  of  f l a p  geometry, f l a p  
d e f l e c t i o n ,  and BLC momentum c o e f f i c i e n t .  The i n t e n t  of  t h i s  p a r t  of t h e  
i n v e s t i g a t i o n  was t o  maximize the  t o t a l  l i f t  while  maintaining long i tud ina l  
st ab  i1it y  . 
REDUCTION OF DATA 
Correct ions 
Standard co r rec t ions  f o r  wind-tunnel w a l l  e f f e c t s  were appl ied  t o  t h e  
l i f t  and drag da ta .  The co r rec t ions  accounted f o r  v a r i a t i o n s  i n  span due t o  
wing sweep, and a r e  as fol lows:  
a = auncorrected + Aa 
'D = 'Duncorrected + ACD 
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I n  add i t ion ,  d rag  and pitching-moment d a t a  were co r rec t ed  t o  account f o r  
wind forces  on t h e  exposed po r t ions  of  t h e  model suppor t  s t r u t s .  These 
add i t ive  co r rec t ions  were 
ACD = -0,0076 
ACm = +0.0040 
Reference Dimensions 
The computation of  fo rce  and moment c o e f f i c i e n t s  was based upon t h e  
dimensions corresponding t o  t h e  f u l l y  swept-wing conf igu ra t ion ,  as fol lows:  
S = 494.8 f t 2  
-c = 22.0 f t  
b = 26.6 f t  
The moment c e n t e r  w a s  l oca t ed  a t  t h e  wing p ivo t  a x i s ,  46 percent  of t h e  
mean aerodynamic chord, and 0.034 C above t h e  wing chord p l ane .  
The momentum c o e f f i c i e n t  (C,) of  t h e  boundary-layer-control  system was 
der ived  from t o t a l - and s t a t i c - p r e s s u r e  readings i n  t h e  duct  system. The j e t  
v e l o c i t y  and mass flow rate  necessary f o r  t h e  d e r i v a t i o n  were ca l cu la t ed  from 
t h e  p re s su re  readings assuming i s e n t r o p i c  flow. 
RESULTS 







The e f f e c t s  of  geometry, h i g h - l i f t  devices ,  and p i t c h  con t ro l  on t h e  
long i tud ina l  aerodynamic c h a r a c t e r i s t i c s  a r e  presented  f o r  each group. 
Comparisons of wing sweep are shown i n  f i g u r e s  20 through 2 2 .  A complete 
index t o  t h e  d a t a  f i g u r e s  i s  given i n  t a b l e  11. 
DISCUSSION 
Longitudinal  S t a b i l i t y  
Variable-sweep wing conf igura t ions  wi th  f i x e d ,  h igh ly  swept inboard 
leading edges gene ra l ly  have uns t ab le  pitching-moment c h a r a c t e r i s t i c s  a t  
high angles of a t t a c k .  This i s  l a rge ly  due t o  t h e  vo r t ex  caused by spanwise 
p re s su re  g rad ien t s  generated along t h e  h igh ly  swept inboard leading  edge. A t  
high angles  of a t tack,  upwash from t h e  vo r t ex  causes s e p a r a t i o n  of  t h e  flow 
over t h e  outboard wing panel  while  s t r a k e  l i f t  cont inues t o  i n c r e a s e .  The 
r e s u l t i n g  forward s h i f t  i n  aerodynamic c e n t e r  produces t h e  pitching-moment 
n o n l i n e a r i t y  t h a t  becomes uns t ab le .  
Flow con t ro l  __ ~devices . - Many devices  were t e s t e d  i n  an e f f o r t  t o  weaken 
o r  counterac t  t h e  s t rake  vor tex .  
The e f f e c t  of l a r g e r  r ad ius  on the  s t r a k e  leading  edge was t o  delay 
formation of  t h e  s t rake  vor tex  and prolong pitching-moment l i n e a r i t y .  A s  
shown i n  f i g u r e  3 ,  t h e  upper l i m i t  of ct f o r  pitching-moment s t a b i l i t y  
increased  from S o  f o r  t h e  sharp  s t r a k e  leading  edge t o  11" f o r  t h e  l a rge  
cons tan t - rad ius  lead ing  edge. 
The s t rake  leading-edge notch was apparent ly  i n e f f e c t i v e  i n  d i s r u p t i n g  
vo r t ex  formation,  and t h e r e  was n e g l i g i b l e  change i n  t h e  pitching-moment 
c h a r a c t e r i s t i c s  due t o  t h e  notch,  as shown i n  f i g u r e  4 .  
The wing fence was s l i g h t l y  more e f f e c t i v e  than  t h e  s t r a k e  fence i n  
containing t h e  s t r a k e  vo r t ex  and prevent ing  i t s  flow outboard over  t h e  roo t  of 
t h e  movable wing. A comparison of the  e f f e c t s  of  t h e  two fences ,  re fe renced  
t o  the  case with no fences ,  i s  given i n  f i g u r e  5 ( b ) .  The fence encouraged a 
s t a b l e  break i n  t h e  pitching-moment curve a t  t h e  p o i n t  of  s t a l l  of t h e  movable 
wing. 
The constant-chord leading-edge f l a p  (Kl), with  t h e  tapered  r ad ius  
leading edge (R-2)  was e f f e c t i v e  i n  improving pitching-moment l i n e a r i t y ,  as 
shown i n  f i g u r e  6 ( a ) .  This combination produced a negat ive  Cmo s h i f t  of 
0.014 and r e s u l t e d  i n  a s t a b l e  break a t  s t a l l .  
The combination of t h e  constant-chord leading-edge f l a p  (K1) on t h e  
s t r a k e ,  and t h e  wing fence ,  with t h e  tapered  r ad ius  lead ing  edge (R-2) 
( f i g .  6 ( d ) ) ,  produced an e s s e n t i a l l y  l i n e a r  pitching-moment curve t o  18" 
angle of  a t t ack  and C L  of 1.45, beyond which t h e  moment curve broke s t a b l e .  
This combination of  flow con t ro l  devices produced t h e  most d e s i r a b l e  p i t ch ing -





a t t r i b u t e d  t o  t h e  wing fence,  i n  combination with t h e  s t rake  leading-edge 
f l a p ,  is  r e a d i l y  seen  i n  f i g u r e  6 ( d ) .  
I t  should b e  po in ted  out  t h a t  t h e  vo r t ex  genera tors ,  combined with t h e  
wing fence,  improved t h e  pitching-moment l i n e a r i t y  and s t a l l  c h a r a c t e r i s t i c s  
b e t t e r  than  t h e  constant-chord s t rake  leading-edge f l a p  alone.  This can be  
seen by comparing f i g u r e s  6(d)  and 6 ( a ) .  
Longi tudinal  Control 
The effects of  h o r i z o n t a l - t a i l  incidence on long i tud ina l  c h a r a c t e r i s t i c s  
are depic ted  i n  f i g u r e s  11, 16,  and 18. Control power (dCm/dit) was an 
e s s e n t i a l l y  cons tan t  -0.0130 p e r  degree throughout t h e  angle-of -a t tack  range 
t e s t e d .  
High L i f t  
Tra i l ing-edge  f l a p s . - The long i tud ina l  c h a r a c t e r i s t i c s  of s i n g l e - s l o t t e d ,  
double-s lo t ted ,  and blowing boundary-laver-control  f l a p s  are presented  i n  
f igu re  8. The 50" BLC f l a p ,  a t  C, = 0.047 ( f i g .  8 ( a ) ) ,  had a 0.65 g r e a t e r  
l i f t  increment a t  0" angle  of a t t a c k  than  t h e  30" s i n g l e - s l o t t e d  f l a p ,  and 
0.45 g r e a t e r  than  the  50" doub le - s lo t t ed  f l a p .  (S ing le - s lo t t ed  f l a p  de f l ec ­
t i o n s  g r e a t e r  than  30" y i e l d  l i t t l e  i nc rease  i n  e f f e c t i v e n e s s ,  as shown i n  
f i g .  7 . )  However, t h e  advantages of t he  BLC f l a p  a r e  negated by t h e  vor tex ,  
~ ~s i n c e  CL,, i s  not  increased  and t h e  pi tch-up a t  C L i s~ more pro­
nounced. The s t a l l  c h a r a c t e r i s t i c s  with a l l  f l a p  systems were less severe  and 
pitching-moment l i n e a r i t y  was improved when t h e  constant-chord leading-edge 
f l a p  ( K 1 )  on t h e  s t r a k e  was rep laced  with t h e  combination of  vo r t ex  genera tors
and wing fence ( see  f i g .  8 ( b ) ) .  The e f f e c t s  of  momentum c o e f f i c i e n t  and 
d e f l e c t i o n  angle f o r  t h e  BLC f l a p  are shown i n  f i g u r e  9 .  An inc rease  i n  
f l a p  d e f l e c t i o n  a t  cons tan t  Cp y i e l d s  increased  l i f t  a t  ct = 0",  bu t  no 
inc rease  i n  CLmax f o r  de f l ec t ions  g r e a t e r  than 40". 
Leading-edge s l a t s  .- The e f f e c t s  of leading-edge s l a t s  on t h e  movable 
wing panel  a t  40" sweep a r e  depic ted  i n  f i g u r e  19. As expected, a s l o t t e d  
s l a t  d e f l e c t e d  35" delays t h e  s t a l l  of t h e  o u t e r  wing panel  and improves t h e  
l i f t / d r a g  r a t i o  above 8" angle  of  a t t a c k .  Improved pitching-moment l i n e a r i t y  
can be s e e  t o  r e s u l t  from t h e  delay i n  o u t e r  wing panel  s t a l l .  
E f f e c t  of Wing Sweepback 
The a f t  movement of  t h e  aerodynamic c e n t e r  with inc reas ing  wing sweepback 
angle i s  evident  i n  t h e  d a t a  of  f i g u r e s  20 through 2 2 .  A change i n  wing. 
sweepback angle  from 18" t o  29" ( f i g .  20) caused an inc rease  i n  s t a t i c  margin-
from 8- t o  14-percent c. The l i f t - c u r v e  s lope  was reduced 27 pe rcen t ,  from 
0 .11  t o  0.08/deg ( f i g .  2 1 ) .  F o r  t h i s  wing-sweep change t h e  aspec t  r a t i o  
changed from 9 .O t o  7.6.  
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SUMMARY OF RESULTS 

An i n v e s t i g a t i o n  has been made i n  t h e  Ames 40- by 80-Foot Wind Tunnel t o  
improve t h e  low-speed long i tud ina l  s t a b i l i t y  a t  h igh  l i f t  f o r  a supersonic  
t r a n s p o r t  with wings of  v a r i a b l e  sweep. The major r e s u l t s  of  t h i s  
i n v e s t i g a t i o n  are summarized as fol lows:  
1. The b a s i c  model with a sha rp  s t r a k e  leading  edge had p i tch-up  a t  
5" angle  of a t t a c k .  
2 .  The re la t ive e f f ec t iveness  of flow con t ro l  devices  i n  t h e  o rde r  of 
improvement t o  p i t c h i n g  moment i s  as fo l lows:  
(a) A s t r a k e  leading  edge of l a r g e  r ad ius  extended pitching-moment 
s t a b i l i t y  t o  11" angle  of attack and reduced t h e  s e v e r i t y  of  t h e  p i tch-up .  
(b) The combination of a s t r a k e  leading  edge with a tapered  r ad ius ,  
vo r t ex  genera tors  on the  s t rake upper su r face ,  and a wing fence outboard 
of t h e  p ivo t  was e f f e c t i v e  i n  l i n e a r i z i n g  t h e  p i t c h i n g  moment t o  15' 
angle  of a t t a c k .  
(c)  A s t r a k e  leading-edge f l a p ,  a t ape red  r ad ius  s t r a k e  leading-edge, 
and a wing fence were t h e  most e f f e c t i v e  combination, provid ing  an 
e s s e n t i a l l y  l i n e a r  p i t c h i n g  moment t o  18" angle  of 
break a t  s t a l l .  
3 .  For a l l  t h e  s t r a k e  leading-edge conf igura t ions ,  
edge f l a p  e f f e c t i v e n e s s  d i d  not  i nc rease  ',ax * 
Ames Research Center  
Nat ional  Aeronautics and Space Adminis t ra t ion 
Moffett  F i e l d ,  C a l i f . ,  94035, 
720-01-00-01-00-21 
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a t t a c k ,  with a s t a b l e  
increased  t r a i l i n g -
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TABLE I.- AERODYNAMIC REFERENCE DIMENSIONS 
Wing : 
Area ( f u l l y  swept. 75.). f t 2  . . . . . . . . . . . . . . . . . . .  494.80-c ( f u l l y  swept. 75.). f t  . . . . . . . . . . . . . . . . . . . . .  22.00 
Span 
18" sweep. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 55.80 
29" sweep. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  51.50 
40" sweep. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  48.40 
75" sweep. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  26.60 
Aspect r a t i o  
18" sweep . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 .  00 
29" sweep . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.60 
40" sweep . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.60 
75O sweep . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.40 
Fuselage : 
Length. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66.56 
Maximum width.  f t  . . . . . . . . . . . . . . . . . . . . . . . . .  4.00 
Hor izonta l  t a i l :  
Area. exposed. f t 2  . . . . . . . . . . . . . . . . . . . . . . . .  100.00 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18.35 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.62 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.20 
T a i l  length.  RT. f t  . . . . . . . . . . . . . . . . . . . . . . . .  24.40 -CT. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.10 
T a i l  volume c o e f f i c i e n t  . . . . . . . . . . . . . . . . . . . . . .  0.225 
1 2  
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TABLE 1 1 . - INDEX TO DATA FIGURES 
18" Wing sweep: 
E f f e c t s  of  vo r t ex  flow con t ro l  devices  
S t rake  leading edge . . . . . . . . . . . . . . . . . .  
L.E.  notch. s t rake  fence.  vo r t ex  genera tors  . . . . . .  
Wing fence.  s t rake fence.  vo r t ex  genera tors  . . . . . .  
Strake  L . E .  f l a p s .  fences .  vo r t ex  genera tors  . . . . . .  
Effects of wing t r a i l i n g - e d g e  f l a p s  
Single .s lot ted.  with and without  fence and vor tex  
genera tors  . . . . . . . . . . . . . . . . . . . . . .  
Single .s lot ted.  double.slotted. and BLC f l a p s  . . . . . .  
BLC f l a p  d e f l e c t i o n  and momentum c o e f f i c i e n t  . . . . . .  
Miscellaneous e f f e c t s  
Reynolds number v a r i a t i o n  . . . . . . . . . . . . . . .  
H o r i z o n t a l - t a i l  inc idence  . . . . . . . . . . . . . . .  
29 " Wing sweep : 
Effec t s  of vo r t ex  flow con t ro l  devices  
S t rake  leading edge . . . . . . . . . . . . . . . . . .  
Vortex genera tors  and s t rake  L . E .  f l a p  . . . . . . . . .  
Wing t r a i l i n g - e d g e  f l a p s  
S i n g l e - s l o t t e d  f l a p  d e f l e c t i o n  . . . . . . . . . . . . .  
S i n g l e - s l o t t e d  and double-s lo t ted  f l a p s  . . . . . . . .  
H o r i z o n t a l - t a i l  e f f e c t s  . . . . . . . . . . . . . . . . .  
40"~~~~~ Wing sweep : 
Flow con t ro l  devices  . . . . . . . . . . . . . . . . . . .  
Horizontal  t a i l  on and o f f  . . . . . . . . . . . . . . . .  
Wing leading-edge s la ts  . . . . . . . . . . . . . . . . .  
Variable  wing-sweep e f f e c t s :  
18" and 29" sweep (N+SF) . . . . . . . . . . . . . . . . .  
18" and 29" sweep (VG) . . . . . . . . . . . . . . . . . .  
29" and 40" sweep (c lean .  t a i l  o f f )  . . . . . . . . . . .  
Strake  
L . E .  Figure
... 
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A-3899 1. 1 (a) Front view showing strake with tapered leading-edge radius. 
Figure 1.- Photographs of the model mounted in the 40- by 80-foot wind tunnel. 
I-' 
0\ 
(b) Three-quarter front view showing constant-chord strake leading-edge flap. 
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(c) Three-quarter front view showing strake vortex generators and wing fence. 





All dimensions in feet 
1 WCP 
ir 66.56 J 
(a) Complete model. 








r(R-2) =(2.3-0.0831) IO-*C 7-1)=0*502











All dimensions in feet -13.60 
(b) Strake and wing section locations - see figure 2(c) for coordinates. 
Figure 2. - Continued. 
Section SI - S I  
7 = 0. I 5  (based on 75" LE)
ZU 
c=30.59 f t  Movable wing section 
I I.oo 1 1 1x 
Pivot WCP­
axis 




*- c = 22.42 f t c Sections based on 25" ALE 
modified 65A006 airfoil 
I I 
za Section S2- S 2  
7 = 0.34 (based on 75" ALE)  
iection Sl-S, Section S p - S p  iection A-A(n=0.275) Section B-B(n=0.502) Section C-C(n=0.728) Sect ion O-O(s=O.954 
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1.OooO .00622 ,00622 ,00604 .00604 ,00578 ,00578 .00506 .00506 
(c) Coordinates of  s t r ake  and wing a i r f o i l  sec t ions  of f igu re  2(b ) .  
Figure 2 . - Continued. 
c 
Gap dimensions same for all flap deflections 
Flap section Ito .73 C for A= 25" 
Coordinates of single -slotted flap parallel 




I . I20 I .0860 I 
I .I60 I .0944 I 
.0856 
Straight line 
1.000 I .00648 
L.E.radius= .02192 
Details of the single-slotted f lap .  




Flap section taken perpendicular 
to .772c, with A=25" 
Deflected 30" 
Coordinates of double-slotted flop parallel to the plane of symmetry, with A =  25" 
(e) Details of the double-slotted flap. 





BLc flap L.E. \~__i 
\ 
\ 
2.\7 \ i \ 1.83 
0.70 cw (retracted flap)
\
\ 





Coordinates of BLC flap parallel to the 
plane of symmetry, with A =  25" 
Section A-A 
(Normal to flap LE) 
0.7000 0 0.1 390 T.E. thickness 0.032 in. (constant)/
0.7500 0. I667 0. I I 80 
0.8000 0.3333 0.0955 
0.8500 0.5000 0.0720 
0.9000 0.6667 0.0480 
0.9500 0.8333 0.0245 All dimensions in feet unless otherwise noted 
(f) Details of the boundary-layer-control f lap .  




Strake leading edge flap deflections 
<+y- Strake LE 
7 Section K ~ - K ~  
0.I25 
1 FWD-
All dimensions in feet 




Wing leading edge slat deflections 
(g) Details of strake leading-edge flaps and wing leading-edge slats. 

























Al l  dimensions in feet (0.267 based on 18"hL~)  
(h) Deta i l s  o f  s t r ake  vortex generators,  notch, 




Geometry of vortex generators 
(Mounted normal to WCP) 
0.96 
and fences.  
18"A/30°BFss/35" Ss/-5"iT 
Figure 3 . - Effec t  of strake leading-edge radius on t he  longitudinal characteristics with 18' wing sweep. 
CL 
Figure 4.- Aerodynamic e f f e c t s  of s t r ake  leading-edge notch, s t r ake  fence,and vortex generators with 
the  sharp s t r ake  leading edge; 18' wing sweep. 
18"A/3Oo sFSs/35" 8,/-5"iT 
Figure 5.- Ef fec t s  of flow con t ro l  devices on the  model with a constant  ( la rge)  
edge; 18" wing sweep. 
rad ius  s t r a k e  leading 
CL 
18"A /30"  SF,/ 35" 6,/-5" iT 
.I .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20 -.24 
CD - 4  0 4 8 12 16 20 24 28 32 C, (0.46d 
a, deg 
(b) Vortex generators and fences i n  combination. 
Figure 5.- Continued. 
w 
0 





.8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20 -.24 
4 8 12 16 20 24 28 32 C, (0.46d 
a ,  deg 
Wing fence with vor tex  generators .  
Figure 5.- Concluded. 
I8"A/30"
6,,, /35"Ss/- 5"i 
.I .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -20 -.24 
CD -4 0 4 8 12 16 20 24 28 32 C, (0.46C) 
(a) K1 and K2. 













I8 "MR - 2/  30" 6,ss/35"6s/-5" iT /K2 
._ .. 
o Sealedqap 
-4 : --_..J._L ~ 
* 	 0 .I .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20 -.24 
CD -4  0 4 8 12 16 20 24 28 32 C, (0.46E) 
a, deg 
Figure 6 . - Continued. 
18"h/3Oo6,,s/35" Ss/-5"iT 
0 .I .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20 -.24 
c, -4  0 4 8 12 16 20 24 28 32 C, (0.46E) 
a, deg 
(c) K2 with vortex generators .  
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(d) K 1  wi th  wing fence. 




0 .I .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20 -.24 
CD -4  0 4 8 12 16 20 24 28 32 C, (0.46:) 
a, de9 
18"A/R-3/35" Ss/-5" iT  
(a) With no strake flow control devices. 

Figure 7.- Longitudinal characteristics of single-slotted flap deflection, with constant strake 
leading-edge radius; 18" wing sweep, 
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0 .I .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20 -.24 
CD -4  0 4 8 12 16 20 24 28 32 C, (0.46E) 
a, deg 
(b) With wing fence and vo r t ex  generators .  
Figure 7.  - Concluded. 











0 ,I .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20-.24 
CD -4 0 4 8 12 16 20 24 28 32 C, (0.46E) 
a, deg 
(a) With K 1 .  
Figure 8.- Characteristics of single-slotted, double-slotted,and BLC flaps, with tapered radius strake 
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0 . I  .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20 -.24 
CD -4  0 4 8 12 16 20 24 28 32 C, (0.46E) 
(b) With wing fence and vortex generators .  
Figure 8 . - Continued. 
- - 
I8"A/R-2/ 35" BS/- 5" i 
~~~ ~~ 
~~ 
- - . 
.I .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20 -.24 
CD -4 0 4 8 12 16 20 24 28 32 C, (0.46E) 
a, deg 
(c) With no s t r ake  f low control  devices.  
Figure 8 .  - Concluded. 
0 
18"A/R-2/35" 8&5"iT/ K,  
^ ^  
(a) Variable f l a p  de f l ec t ion .  
Figure 9.- Ef fec ts  of 	BLC f l a p  de f l ec t ion  and momentum c o e f f i c i e n t ,  constant-chord s t r a k e  leading-edge 
f l a p ,  tapered r ad ius  s t r a k e  leading edge; 18" wing sweep. 
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C, -4  0 4 8 12 16 20 24 28 32 C, (0.46E) 
a, deg 
(b) Variable momentum coefficient. 







Figure 10.- Effects of Reynolds number on longitudinal characteristics; 18" wing sweep. 
18"A/R-3/3O0 S,ss/35" Ss/WF+VG 
..... 4 .. . . . 
... . ~ _. . .~. . 
C, - 4  0 4 8 12 16 20 24 28 32 C, (0.46E) 
Q, deg 
Figure 11.- Effects of ho r i zon ta l - t a i l  incidence; 18" wing sweep. 
-F w 
29"h/30" 6,ss/35" 6,/-5"i,/VG 
. I  .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20 -.24 
L D  -4 0 4 8 12 16 20 24 28 32 C, (0.46E) 
a, deg 
Figure 1 2 . - E f fec t s  of s t r a k e  leading-edge rad ius  with vor tex  genera tors ;  29" wing sweep. 
Figure 13.  - Effects  of vortex generators and s t r a k e  leading-edge f l a p ,  with tapered radius  s t r a k e  





Figure 14.- Effec t  of s i n g l e - s l o t t e d  f l a p  de f l ec t ion  with constant-radius  s t r a k e  leading edge and 
vortex generators  ; 29" wing sweep. 
Figure 15.- Comparison of the aerodynamic characteristics of s ingle- and double-slotted flap, with 
tapered radius strake leading edge, strake leading-edge flap; 29' wing sweep. 
4 
29"h/ R -3 / VG 
(a) Wing slats retracted and flaps up. 

Figure 16.- Effects of horizontal-tail incidence on longitudinal characteristics; 29' wing sweep. 

(b) 35" wing slats; 30" single-slotted flaps. 





Figure 17 . - E f fec t s  of wing fence 	and vor tex  generators  with constant-radius  strake leading edge; 
c lean wing, 40' wing sweep. 
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. I  .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20-.24 
CD -4  0 4 8 12 16 20 24 28 32 C, (0.46C) 
a, deg 
Figure 18.- Effect of horizontal tail on longitudinal characteristics; 40' wing sweep. 
CL 
40"A/R-3/ 0" SF/O0 i,/VG 
.I .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20 -.24 
CD - 4  0 4 8 12 16 20 24 28 32 C, (0.46E) 
Q, deg 
Figure 19.- Effect of leading-edge slat deflection with constant strake leading-edge radius, vortex 




Figure 20.- Effect  of wing sweepback angle,  sharp s t r ake  leading edge, s t r ake  fence,  and s t r a k e  
leading-edge notch. 
R-3/30" 6 ~ ~ ~ / 3 5 "  i,/VG6,/- " 
Figure 2 1 . - Ef fec t  of wing sweepback angle ,  	constant  ( la rge)  rad ius  s t r a k e  leading edge, and vortex 
















0 .I .2 .3 .4 .5 .6 .7 .8 .9 .I2 .08 .04 0 -.04 -.08 -.I2 -.I6 -.20 -.24 
c, -4  0 4 8 12 16 20 24 28 32 C, (0.46E) 
a, deg 
Figure 22.- Effec t  of wing sweepback angle, constant ( la rge)  radius s t r a k e  leading edge, vortex 
generators,  f l a p s  and s l a t s  up, and t a i l  o f f .  
I 
